A recent study has reported that serotonin (5-HT 2 ) is involved in peripheral circulatory disturbances [4] . Direct blood exposure to subendothelial collagen due to endothelial damage caused by arteriosclerosis can result in platelet adhesion, platelet aggregation, and serotonin discharge from platelets [5] . Serotonin binds to and activates the 5-HT 2 receptor on the other platelet membranes, resulting in increased platelet aggregation. Moreover, serotonin binds with 5-HT 2 receptors on the vascular smooth muscle cell membrane at the inhibitory site to contract vascular smooth muscles. As a result, serotonin inhibits blood flow by increasing the platelet thrombus inside the impaired blood vessels and by contracting the blood vessels from the outside [5, 6] .
Repression of the serotonin 5-HT 2 receptor functions would improve the symptoms of patients with peripheral circulatory disturbances by reducing the pooled from three hospitals, Kyung Hee University Hospital, Seoul St. Mary's Hospital, and Severance Hospital, between March 2005 and June 2007. The selection criteria for the subjects included T2DM diagnosis between the ages of 40 and 80 years with no history of ketoacidosis or ketonuria, a glycosylated haemoglobin (HbA1c) level of 8% or lower, an LDL cholesterol level of 160 mg/dL or lower, and a body mass index (BMI) less than 30 kg/m 2 (with the reference values measured within the last three months). Subjects were excluded from the study if they felt it difficult to participate, had any other medical diseases that could affect the results or their safety, or if they had taken any other drugs which could aggravate bleeding tendency such as warfarin, clopidogrel, ticlopidine, and cilostazol ( Table 1 ). The study protocol was approved by the Institutional Review Board at Kyung Hee University Hospital. Before participating, all subjects submitted written consent and received a sufficient explanation from the relevant medical staff.
Methods
The study was performed as a double-blinded, paralleled, randomized multicenter clinical trial. The subjects were assigned to either the sarpogrelate group or the aspirin group by simple randomization.
incidence and progression of macrovascular complications. Such a treatment may be especially effective in the high-risk macrovascular disease group, which includes patients with T2DM. However, few studies have been performed regarding the effects of serotonin 5-HT 2 receptor blockers on macrovascular complications in patients with T2DM [5] . There have been very few studies on the clinical effects of 5-HT 2 receptor blockers compared to aspirin, which is the first line medication for the primary prevention of macrovascular complications [7, 8] .
Sarpogrelate, which is a selective 5-HT 2 receptor antagonist, has a significant effect on antiplatelet action and improves endothelial functions. It locally represses serotonin action only inside the lesion and does not affect the normal tissues [4, [9] [10] [11] [12] [13] [14] . We performed this study to investigate if sarpogrelate has a positive effect on the surrogate markers for macrovascular complications in patients with type 2 diabetes. In addition, the effect is compared to that of aspirin, which is the first line medication for this type of situation.
Materials and Methods

Study subjects
This study was conducted with 146 T2DM patients 
Statistical analysis
Statistical analysis and data management were carried out with the Statistical Package for Social Science (SPSS, version 13.0; SPSS Inc., Chicago, IL, USA). All statistical analyses were performed as intention to treat analysis (ITT). A Student's t-test and Chi-square test were conducted to test the significance of the differences between the two groups in baseline characteristics and changes during the follow-up period. A repeated measures ANOVA was performed to determine the difference in therapeutic effects between the two groups during the follow-up period. A p-value of 0.05 or less was considered significant.
Results
Patient characteristics
A total of 146 subjects were pooled during the study period and randomly assigned to either the sarpogrelate group (72 subjects) or the aspirin group (74 subjects) (Fig. 1 ). Among the subjects in the sarpogrelate group, 11 were eliminated for either protocol violation (3 subjects) or consent withdrawal (8 subjects). Two subjects were eliminated for other reasons, resulting in 59 (81.9%) of 72 original subjects in the sarpogrelategroup who completed the test. Among the subjects in the aspirin group, 17 were eliminated, either for protocol violation (3 subjects), consent withdrawal (12 subjects), or incidence of abnormal reactions (2 subjects). Thus, 57 (77.0%) of 74 original subjects in the aspirin group completed the test. There was no significant difference in the ratio of subjects who dropped out between the two groups (p=0.157).
The mean age of the subjects was 62 in the sarpogrelate group and 63 in the aspirin group, with no significant difference between the two groups. There was no significant difference in the sex ratio between the two groups. There was no significant difference between the two groups in anthropometric and biochemical parameters ( Table 2) .
Changes in the IMT
At baseline, the mean IMT was 0.77±0.22 mm on the left and 0.72±0.14 mm on the right. The maximum IMT was 0.94±0.37 mm on the left and 0.88±0.21 mm on the The respective groups were administered 300 mg/day of sarpogrelate or 100 mg/day of aspirin. The baseline values of macrovascular disease predictors were measured before the administration of the medication. These factors include intima-media thickness (IMT), ankle-brachial index (ABI), cardio ankle vascular index (CAVI), IL-6, serotonin, adiponectin, and hsCRP. Changes at six and 12 months after drug administration and the incidence of adverse drug reactions were compared between the groups.
The imaging test to measure IMT was conducted by one skilled sonographer at each hospital, using a B-mode high-resolution sonograph, to which a liner probe over 7.5 MHz was applied. The images were transmitted to a computer, and the IMT and plaque existence were analyzed with an IntimaScope (version 1.13E, Media Cross Co. Ltd., Tokyo, Japan). Both carotid arteries were divided into total carotid region, carotid opening, and carotid branch, and the maximum measurement in each region was obtained to define the maximum IMT. The mean IMT was defined as the value measured at 1 cm intervals of the far wall of the boundary toward the carotid ampullary region. To evaluate the ankle-brachial index (ABI) and the cardio ankle vascular index (CAVI), the VaSera VS-1000 (Fukuda Denshi Co. Ltd., Tokyo, Japan) was used. ABI was defined as the ratio of the systolic blood pressure measured at the ankle anterior dorsalis artery or posterior tibial artery to the upper limb systolic blood pressure measured at the brachial artery. The mean pulse transmission rate from aortic origin to the aorta, leg, and inferior horn region was measured. CAVI was defined as the ratio of the distance to the transmission time. Serum samples were immediately centrifuged, aliquoted, frozen at -70°C, and moved to the central laboratory (Research Institute of Endocrinology, Kyung Hee University, Seoul, Korea). Serum serotonin was measured using ELISA assay (Labor Diagnostika Nord GmbH & Co., Nordhorm, Germany), and hsCRP was measured using an HS-CRP assay kit (Siemens Health care Diagnostics Inc., IL, USA). The hsCRP level was estimated in fresh serum samples after centrifugation. The quantity of the respective CRP was calculated in micrograms per milliliter. Adiponectin was measured using radioimmunoassay (LINCO Research, MO, USA). IL-6 was measured using ELISA (R&D Systems, Inc., MN, USA).
The primary endpoint with respect to the efficacy of the result was defined as a change in IMT from the day of the test medication to the end of the study time. The in the sarpogrelate group and the aspirin group, respectively, with reference to the average IMT on the right. The differences in the ratios between the two groups were not significant (p=0.775, 0.768).
Change in the atherosclerosis markers
The baseline serotonin value was 73.17±43.11 ng/ mL in the sarpogrelate group and 73.07±53.89 ng/ mL in the aspirin group, with no significant difference (p=0.990, Table 2 ). The baseline hsCRP value was 1.14±2.28 mg/L in the sarpogrelate group and 1.82±3.32 mg/L in the aspirin group, with no significant difference (p=0.186). The baseline IL-6 value was 1.87±2.02 ng/mL in the sarpogrelate group and 3.86±8.41 ng/mL in the aspirin group, with no significant difference (p=0.071). Conversely, the baseline adiponectin value was 5.02±3.61 ug/mL in the sarpogrelate group and 7.13±7.03 ug/mL in the aspirin group, with a significantly higher level in the aspirin right, indicating no significant difference between the sarpogrelate group and the aspirin group (Table 2) .
During the study period, the IMT increased in both the sarpogrelate group and the aspirin group. In the sarpogrelate group, the measured IMT was 0.79±0.25 mm on the left and 0.75±0.13 mm on the right after 24 weeks and 0.80±0.26 mm on the left and 0.75±0.14 mm on the right after 48 weeks. In the aspirin group, the measured IMT was 0.74±0.16 mm on the left and 0.70±0.14 mm on the right after 24 weeks and 0.80±0.25 mm on the left and 0.78±0.25 mm on the right after 48 weeks (Table 3) . However, the changes in IMT were similar between the two groups, showing no significant difference.
The ratio of the subjects whose IMT value decreased by more than 15% during the follow-up period was 15.9% and 14.1% in the sarpogrelate group and the aspirin group, respectively, with reference to the average IMT on the left. The values were 14.3% and 12.5% reported that combined treatment with aspirin and clopidogrel showed the greatest promise in preventing secondary cerebral infarction [22] . The current study is ahead-to-head comparison of the effects of sarpogrelate and aspirin, the first line medication for the prevention of macrovascular complications in type 2 diabetes patients. Our results show that the IMT value (IMT average left/right and IMT maximum left/right), which was the primary endpoint, did not show a significant decrease in either the sarpogrelate group or the aspirin group. There was no significant difference between the two groups in the ratio of the subjects whose IMT value decreased by more than 15%. No significant difference was found in the changes of the ABI and CAVI values, which were the secondary endpoints. Among the serological markers, the adiponectin, IL-6, and hsCRP values were more favorable in the sarpogrelate group than in the aspirin group. The incidence of abnormal reactions was not significantly different between the two groups.
The results suggest that sarpogrelate may play a role in the prevention of macrovascular diseases in patients with T2DM, and that additional benefits of the drug can be expected. In particular, when compared with other studies, our study makes an objective comparison of the various risk factors of macrovascular diseases. Various serological markers, IMT, CAVI, and ABI are sensitive and effective predictors of cardiovascular diseases, and so were selected as the outcome variables [21] [22] [23] [24] [25] [26] [27] .
The effect of aspirin on the prevention of macrovascular diseases has been well established by many studies. The effect of sarpogrelate cannot be sufficiently proven by the current study, which was conducted on a small scale for a short period of time. However, the results of this study provide useful data for the treatment of patients who need another treatment option due to adverse effects related to the use of aspirin or other thienopyridine alternatives. These adverse effects include resistance to the medication's effect and gastrointestinal bleeding [28, 29] . Until now, cilostazol, ticlopidine hydrochloride, and clopidogrel studies have been conducted regarding alternatives for aspirin. The results showed that cilostazol and ticlopidine hydrochloride were equal to aspirin in preventing macrovascular diseases, and that clopidogrel had a greater effect than aspirin. Although these studies demonstrated that aspirin alternatives have equal or superior effects to aspirin, further studies are necessary to determine the group (p=0.035).
Changes in serological markers during the study period were analyzed, but there was no significant difference in serum serotonin concentration between the two groups. The hsCRP and adiponectin levels were lower in the sarpogrelate group, though the difference was not significant. The IL-6 level was significantly lower in the sarpogrelate group (Table 3) .
Changes in the ABI and CAVI levels
In the sarpogrelate group, the baseline CAVI value was 8.78±1.16 m/s on the left and 8.83±1.09 m/s on the right, and the baseline ABI value was 1.11±0.11 on the left and 1.09±0.10 on the right. In the aspirin group, the baseline CAVI value was 8.43±1.22 m/s on the left and 8.53±1.32 m/s on the right, and the baseline ABI value was 1.10±0.10 on the left and 1.08±0.10 on the right. There was no significant difference between the two groups ( Table 2) . Changes in CAVI and ABI during the follow-up period did not show any significant difference between the two groups (Table 3) .
Safety assessment
Thirteen adverse drug reactions were found in eight subjects (12.5%) from the sarpogrelate group, and 13 abnormal reactions were found in ten subjects (15.2%) from the aspirin group. There was no significant difference between the two groups (p=0.662).
Discussion
At present, several studies have been performed on the use of sarpogrelate for the prevention of diabetesrelated complications in T2DM patients. Sarpogrelate has been shown to be effective in the prevention of diabetic neuropathy and diabetic nephropathy. It is also known to be effective in the recovery of insulin resistance and in the prevention of neurogenic bladder caused by autonomic nervous system complications in type 2 diabetes patients [15] [16] [17] [18] [19] [20] [21] . Additionally, studies have shown that sarpogrelate is effective in preventing peripheral circulatory disturbances. The risk of cardiovascular and cerebrovascular diseases may be reduced in type 2 patients who take sarpogrelate [7] [8] [9] [10] [11] [12] . However, few studies have compared the effects of sarpogrelate with those of other drugs [7, 8, 22, 23] . In S-ACCESS, a comparative study of antiplatelet drugs for the prevention of secondary cerebral infarction, there was no significant difference between aspirin and rovascular complications in patients with type 2 diabetescomparable to that of aspirin. In conclusion, no significant difference was found between the two groups in the clinical indices or in the safety of sarpogrelate related to macrovascular complications. However, the serological markers were more favorable in the sarpogrelate group than in the aspirin group. This indicates that sarpogrelate could be effectively used as an aspirin alternative for the prevention of macrovascular complications in patients with T2DM.
